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VARIABILITY OF BLOOD LEAD LEVELS IN OCCUPATIONALLY EXPOSED
CONSTRUCTION WORKERS. Susan B. Truman, Petrie Rainey, Kathleen F. Maurer and Mark
R. Cullen. Occupational and Environmental Medicine Program, Department of Internal
Medicine, Yale University, School of Medicine, New Flaven, CT.

Construction workers who work on structures painted with lead paint are occupationally
exposed to lead and risk lead toxicity. Surveillance programs such as the Connecticut Road
Industry Surveillance Project (CRISP), monitor workers blood lead levels in order to identify
exposed workers and to intervene. This study aims to identify the amount of variability in
blood lead levels over time in order to find the optimal time interval for blood lead screening in
occupationally exposed construction workers. Fourteen construction workers were recruited at
three sites. Each subject kept a work log outlining tasks performed each day and also had his
blood lead levels drawn three times per week for four to six weeks. In addition paint chip
samples, air samples and wipe samples were obtained at the sites. Paint chips were 7.21%
lead by weight. Air samples at one site measured from 190 to 12580 ug/m3. Wipe samples found
high lead levels on tarps and inside one respirator. There was very little variability in blood
lead levels. With the variability due to analytic error parceled out nine of the thirteen
subjects for whom data was analyzed had blood lead levels that varied by less than 10% of the
mean. Mean variability is 9.3% of the mean. No correlation was found between time and blood
lead level, and no correlation was found between task performed prior to the blood draw and
blood lead level. The environmental data support the conclusion that construction workers in
Connecticut are exposed to lead and thus there is a need for surveillance programs such as
CRISP. These data also suggest that construction workers have a gradual pattern of biological
lead accumulation and blood lead levels that change slowly over time. Type of work done prior
to a blood draw is not correlated with blood lead levels and is therefore unlikely to result in
the identification of false positives in a screening program. These data support the conclusion
that the screening interval of 30 days currently used by CRISP is adequate to identify exposed
workers and is unlikely to miss any toxic exposures.
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Dr. Petrie Rainey and Dr. Kathleen Maurer. A special thank you to Sean
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Literature Review
Physicians have recognized lead poisoning since Greek and Roman
times as a cause of abdominal colic, gout and seizures.29 Work related
exposure to lead was also recognized centuries ago by Ramazzini, who noted
that both painters who worked with lead based pigments and potters who
ground lead for glazes had neurologic and abdominal symptoms.22

Sir

Thomas Legge, an early twentieth century English Medical Inspector of
Factories, realized that much of industrial lead poisoning was due to inhaled
lead. As part of his directives for controlling lead exposure, he wrote,
"Practically all industrial lead poisoning is due to the inhalation of dust and
fumes; and if you stop their inhalation you will stop the poisoning. "24 Alice
Hamilton, an American physician prominent in occupational medicine,
voiced the same sentiment in 1948 recalling that since before the first world
war she has been reminding employers that, "...a lead worker eats only three
times a day and even then he does not wash his hands in his soup or coffee,
but he breathes 16 times a minute and if there is lead in the air, he will get it
no matter how often he scrubs his nails."18
Lead poisoning continues to be one of the most important public
health issues in America today.

Lead contamination comes from a variety of

sources, ranging from peeling paint in poorly maintained homes to industrial
emission and occupational exposures. 12

Commonly, individuals who have

lead poisoning experience a variety of symptoms including fatigue, malaise,
abdominal pain and neurological symptoms/paralysis, as well as adverse
effects of disease such as anemia, nephropathy, hypertension, and
reproductive toxicity, .9/ 22, 23 There is also literature indicating that children
with blood lead levels of equal to or greater than 10 ug/ dL are at risk for
neurological damage which causes reduced cognitive functioning.6 Given
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the potentially serious consequences of lead poisoning, there is a pressing
need for research that helps increase the effectiveness of surveillance and
prevention programs.
In the past 20 years there has been a significant reduction in the average
citizen's environmental lead exposure. This reduction has come about
primarily as a result of legislation restricting the sale and distribution of lead
based paint and leaded automobile fuel.34 In 1977 regulations were passed by
the US Consumer Product Commission making the allowable limit of lead in
house paint .06% by weight.^ Lead in automobile fuel began to be phased out
starting in 1976 and is no longer routinely available in the United States.
While the majority of the population has seen a reduction in their
environmental lead exposure, workers continue to be occupationally exposed
to lead during manufacturing/production or by abating lead.
The Occupational Safety and Health Administration (OSHA) has
required monitoring of workers in general industry since 1978. According to
OSHA standards, workers in industry may be exposed to as much airborne
lead as 50 ug/ m3 during an eight hour time weighted average: this is known
as the permissible exposure limit (PEL). In an effort to ensure worker safety,
OSHA also requires industry to provide employees with education about lead,
protective equipment including respiratory protection, work clothes, showers
and medical surveillance. If a worker has had excessive exposure OSHA
standards mandate that the worker be removed from the job and placed
under medical surveillance until the blood lead level is less than 40.30 These
standards have helped to greatly reduce lead poisoning in industrial sites.
Construction workers, however, were exempt from these regulations.
This is remarkable in that OSHA appears to have purposefully excluded an
industry that worked extensively with lead based paints. We can only
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surmise that either the scanty research done on the construction industry
with regards to lead, or the difficulty in defining a "workplace" to regulate,
caused OSHA to disregard what must have been fairly obvious: lead abaters in
construction are exposed to lead.
OSHA maintained separate regulatory standards for airborne lead
exposure in the construction industry until June, 1993. The construction
standard was 200 ug/ m3 during an eight hour time weighted average, which
is four times the airborne standard for general industry. In addition there
were no guidelines requiring necessary environmental or medical
surveillance and no guidelines specifying blood lead levels necessitating
removal from the job.30 Construction workers were left more or less
unprotected, except in Maryland which passed its own state legislation in 1983
requiring construction to comply with essentially the same standards as
OSHA's general industry standards.^
Although household paint had been regulated, exterior paint used
industrially may contain up to 90% lead in some

instances.21

When steel

structures, originally painted with lead based primers or paints such as bridges
and overpasses rust, the paint often buckles and chips. In order to repaint or
repair the bridges, workers must remove this loose paint by blasting it off or
by chiseling or needle scaling it off. These processes produce dust which is
made up of the lead based paint and contains fine particles of lead which can
be inhaled and absorbed gastrointestinally. Other construction workers who
weld steel structures are often exposed to lead when they vaporize the lead
paint as they cut or weld painted steel structures. This is clearly a pervasive
problem. In fact, in the state of Connecticut bridges were painted with lead
based paints until 1988, and many of the bridges built before 1988 are now
undergoing repair.26
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Institutions around the country began documenting cases of lead
poisoning in construction workers, who worked on bridges or other steel
structures which required either repair or repainting. As early as 1982,
Landrigan at the National Institute for Occupational Safety and Health
reported excessive exposure in workers who were deleading and repainting
the Mystic River Bridge.21 Waller, Osario, Maizlish and Royce (1992), found
that in a group of 28 construction workers reported to the California
Occupational Lead registry between 1987 and 1989, 39% of the individuals had
blood lead levels that, in a non-construction industry, would have
precipitated immediate isolation from further lead exposure.

Although

these 28 workers represented only 1% of the registry they accounted for 18% of
workers with blood lead levels of 80 ug/ dL or greater.47 In New Jersey, data
from between 1986 and 1989 show that 37.5 % of construction workers have
blood lead levels greater than 50 ug/ dL, making construction the industry
with the highest percentage of severely exposed workers.^ In addition to this
surveillance data, case reports of lead intoxication in workers employed in
construction trades such as ironworkers, blasters, welders and painters
appeared more frequently, and physicians began to call for revision of
OSHA's construction standards.^ 13,17,19, 28, 35, 36, 40, 44
As the evidence grew of serious levels of lead exposure in construction,
the need to reduce exposure and toxicity in these workers became clear, and in
June of 1993, OS HA instituted more stringent regulations concerning
construction workers.3^

OSHA regulations currently require construction

companies to provide protective clothing, respiratory equipment, education
about lead exposure, lead hazard training, and washing and hygiene facilities.
The current standards limit airborne exposure to lead to 50 ug/ m3 during an
eight hour time weighted average. If workers have airborne exposures of 30
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ug/m3 during an eight hour time weighted average for more than thirty days
in any twelve month period, then the employee must have medical
surveillance made available every two months including monitoring of
blood lead levels and zinc protoporphyrin levels (ZPP), as well as complete
physical exams including any tests relevant to lead exposure. If an employee's
blood lead level is greater than 40 ug/dL medical surveillance must also be
made available; if an employee's blood lead level is greater than 50 ug/ dL an
employee must be removed from the job with up to 18 months of paid
benefits until two consecutive blood lead levels are less than 40 ug/ dL.31, 48
In spite of the OSHA standards, however, OSHA can not inspect all
workplaces. Few states require screening and few industries routinely screen
their workers. In one survey of California workplaces only 2.6% of industries
working with lead had ever participated in environmental monitoring, and
only 1.4% had routine biologic monitoring programs in place that
quantitatively examined workers for lead exposure. This study examined
workers in all lead industries who were covered by OSHA standards at the
time as well as construction workers who were not yet protected by OSHA
standards.42 This study indicates that even with regulations in place
surveillance programs are necessary to ensure that all individuals exposed are
actually identified. Finally, this study shows that workers employed by small
companies or workers who are not unionized are far less likely to receive
either biologic or environmental monitoring. This is concerning in light of
the fact that many construction companies, 92% in New Jersey in 1986,
employ less than 20 people.46 it follows that the construction industry,
perhaps more than any other, needs effective mandatory surveillance
programs.
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Lead registries are commonly used in the US for lead exposure
surveillance. These registries are useful for identifying individuals with
high lead levels who presumably work for companies that do not adequately
protect workers and who have not yet been inspected by OSHA.3/ 25, 37, 46, 47
All of these registries, while useful in identifying cases of lead toxicity and
specific at-risk worksites, are severely limited in that they rely on the
employer to initiate biologic monitoring.45 As recognized by the papers just
cited, these registries are bound to miss many, if not the majority of lead
exposed workers, because many companies simply do not routinely screen
their workers. Finally, while a registry can identify workers at risk and can
notify them, they are ill-equipped to intervene.
A second type of surveillance system, the Sentinel Notification System
for Occupational Risks (SENSOR), has been developed in an attempt to
address the issue of intervention. This system relies on sentinel providers
who identify cases to a central surveillance center. The center then
coordinates interventions which may be directed at the individual, the
worksite and the co-workers. The center is "expected to facilitate interaction
between complementary programs that may currently exist in relative
isolation."2 The center also analyzes data pertaining to occupational disease
trends. While SENSOR programs are effective at intervening when a case is
reported, they do not ensure that all workers who are exposed will be
identified with greater frequency or accuracy than a registry program. This is
because SENSOR programs also rely on the employer to initiate testing.
In order to better monitor lead exposure in construction workers in
Connecticut, the Connecticut Department of Transportation (CONNDOT) and
the Yale Occupational and Environmental Medicine Program worked
together to create The Connecticut Road Industry Surveillance Project
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(CRISP), a multi-dimensional surveillance intervention program currently in
place.^ All contracts in the state of Connecticut for bridge construction or
repair mandate that workers participate in CRISP. Each worker completes an
intake evaluation with blood lead level evaluation, and then blood lead
levels are drawn every thirty days for a total of 120 days or four blood lead
levels. After four blood lead levels workers are seen at six months and then
every 3 months thereafter for medical follow up. Any level over 25 ug/dL
triggers a full medical evaluation of the client, a phone call, and possible site
visit from an industrial hygienist. The worker is also followed monthly until
the blood lead level returns to below 25 ug/dL. A blood lead level of 35 ug/dL
triggers a comprehensive medical evaluation and a site visit from an
industrial hygienist. If blood lead continues to be greater than 35 ug/dL at a
one month follow up visit, the worker is removed from all work with
possible lead exposure. The CONNDOT contracts also mandate a Lead Health
Protection Program which includes worker education, industrial hygiene
monitoring and required provision of respiratory protection. CONNDOT
inspectors and field engineers are responsible for enforcing all aspects of the
CONNDOT contracts, including the required participation in CRISP and the
Lead Health Protection Program.'7 This surveillance system is unique in that
it makes participation in medical and environmental monitoring obligatory
for construction companies and it makes enforcement of the these obligations
a responsibility of the Department of Transportation. This type of mandatory
program ensures that all construction workers working on state contracts are
being monitored both biologically and environmentally.
All of the surveillance systems described above use blood lead levels as
a measure which identifies cases of lead exposure and possible lead toxicity.
Blood lead levels have traditionally been used to assess exposure and toxicity
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because the blood is generally believed to be the first compartment in which
lead is distributed after exposure.^ Over time, lead in the blood is
redistributed to soft tissue and ultimately to bone. Models of lead
pharmacokinetics postulate that lead may be distributed in, and move
between, as few as three and as many as nine compartments within the
body.27, 38 por this reason blood lead levels do not always reflect total body
burden of lead, nor do they always correlate well with symptoms of lead
toxicity. Symptoms may be better correlated to the lead levels in the
particular tissue in which toxicity is suspected.20
In spite of these drawbacks in predicting toxicity, blood lead levels can
still be useful as indicators of exposure which is, in and of itself, a risk for
toxicity. Blood lead levels are often used in surveillance programs because
they are easily obtained, are relatively inexpensive and indicate current
exposure. Furthermore, since construction workers frequently change
worksites and employers, blood lead levels are useful precisely because they
focus on current exposure which can be addressed and remedied with the
employer.
While OSHA requires blood lead monitoring every two months in
suspected exposure, CRISP monitors blood lead levels every 30 days in
suspected exposure.

CRISP chose the 30 day interval in part, because the

biological half life of lead in blood for healthy individuals is approximately 30
days. 11/ 38, 39 it is presumed that any dramatic increase in blood lead would
thus be detected by a once monthly screening. A review of the literature,
however, indicates that the amount of time it takes to clear lead from the
blood or from the body depends, in part, on job tenure and on the previous
pattern of exposure. Schutz, Skerfving, Ranstam and Christoffersson (1987)
document two workers not previously exposed to lead on the job, both of
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whom were exposed to a single heavy dose. The biological half-life for blood
lead in each of the two individuals differed. In the first subject, the half-life
was 27 days, the other was 44 days. These data seem to indicate that there may
be variation in the elimination rates for blood lead levels in individuals who
have had little or no previous exposure to lead.43
Furthermore, it seems clear that employees who have longer job
tenure take longer to eliminate lead from the blood than employees with
shorter job tenure when both are removed from the workplace. In one study,
apparent blood lead half lives ranged from 20 to 130 days, depending on job
tenure before removal from work.32 We use the word apparent because the
variation in half life may be due to the biphasic elimination of the lead from
the body. In the first phase lead is removed from the blood, and blood lead
levels fall. In the second phase lead in the bone comes into equilibrium with
the lead in the blood, and the rate at which the blood lead level falls may
decrease. This return of lead from bone to soft tissue and blood, results in
high blood lead levels for longer periods of time and a longer apparent half
life.
Most papers in the literature examining the elimination kinetics of
lead present individuals with a history of consistent, chronic lead exposure.
For example, workers employed in foundries or battery plants are exposed to
consistently high levels of lead in their environment every working day. As
a result, there are high lead levels not only in their blood, but also in their
soft tissue and bone, and this may cause an apparent half life of blood lead
that is reported to vary even more from as low as 20 days to as much as 1300
days. 14, 20, 33
It seems clear that the apparent half life for lead in blood depends in
part on individual physiological variation and also on the individual's prior
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pattern of exposure to lead. It is not clear whether the presumed 30 day half
life holds true for individuals such as construction workers who have lead
exposure which, we hypothesize, is sporadic, but chronic. We think that
construction workers have chronic exposure, meaning that they may have
had exposures over many years, but their exposures are probably sporadic in
that they have discreet high exposures occasionally rather than sustained
airborne levels day in and day out the way a factory worker would.

Because

of this pattern of lead exposure construction workers may not reach a steady
state relationship between air lead and blood lead, and they may actually have
low bone lead levels. Thus, it may be that their blood lead levels fall with a
half life of closer to 20 days, and a thirty day screening interval would fail to
pick up all exposed individuals. For example, a worker with a baseline of 32
ug/ dL has an exposure the day after his blood lead level is measured. His
blood lead goes up to 40. Thirty days later his blood lead level would be under
35 again, and this exposure would be missed.
In short, are surveillance programs using a 30 day interval between
blood draws able to detect all of the significant changes in blood lead levels?
As discussed above there is a real need for surveillance of occupational lead
exposure and projects such as CRISP are attempting to identify and intervene
in all cases of exposure on state contracts. In order for these programs to be
effective, it is necessary to establish whether the screening interval of thirty
days is adequate. One of the aims of this study is to assess, through serial
monitoring of blood lead levels of individual workers, whether or not the 30
day time screening interval is adequate for such surveillance.
Finally, it has been fairly well documented by CRISP that workers
whose tasks include blasting, painting, welding, grinding/chipping or
containment put up and clean up have higher mean blood lead levels than
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other workers in construction.^ We wanted to know if tasks and exposure
had any impact on day to day blood lead levels. Our concern is that if people
work more hours in a high exposure job as defined by the CRISP data, then
that exposure may be reflected in the daily blood lead levels that are drawn.
This could have an impact on surveillance if, for example, a worker worked a
long day of overtime blasting and had his lead drawn the following day. His
one day of heavy exposure could lead him to have a high lead level for a
couple of days, but then he could return toward baseline and this exposure
could be missed. Likewise, an individual with generally low levels of
exposure could have a small upswing on a particular day following more
intensively lead exposed work and could be identified as at risk when, in
reality, he was only picked up because of the task of the day before.
The aim of the current study is to understand the relationship between
discreet lead exposure, and blood lead levels over time. As indicated above,
understanding this relationship is vital if we are to use blood lead levels as a
means of gauging individual exposure in effective surveillance programs.
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Statement of Purpose
The purpose of this study is to examine the variability of blood lead
levels over thirty days in construction workers who are occupationally
exposed to lead.

In light of the fact that: 1) There is individual variation in

the rates for elimination of lead from the blood for individuals without
chronic exposure and 2) There are no clear data to suggest how blood lead
levels correlate to discreet lead exposure, it is my hypothesis that there will be
variation in daily blood lead levels that exceeds 30% of an individuals mean
blood lead level for that month.
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Methods
Subjects
Subjects were recruited between July 3, 1993 and October 20, 1993 from
construction companies that participate in CRISP. The companies were
initially contacted about the study by Dr. K. Maurer who oversees CRISP.
The companies gave their permission for us to recruit workers at their
worksites and for us to draw blood at their worksites. All workers at the
worksites who were willing to participate were included in the study. All of
the subjects were working at sites with known lead exposure. All of the
workers were continuously employed throughout the study, although due to
the nature of the work their lead exposure may have been variable
throughout the study. Exposure is variable because construction workers
often do not work in inclement weather and they often change tasks
depending on the bridge site they are working on.
Fourteen subjects were recruited for this study from three different
bridge sites and two different employers. Seven of the workers were working
on state contracts requiring them to be in CRISP and six were working on
bridge maintenance for the state and were not required to be in CRISP. All of
the workers had attended four hours of lead health and safety training that is
routinely required of workers participating in CRISP.
The thirteen workers included in the analysis were all male with a
mean age of 34 years and a range of 22 to 53. Twelve of the workers were
white and one was black.
Two workers identified themselves as welders, one worker identified
himself as a supervisor, and the other ten identified themselves as painters.
When we looked at job tasks, however, all of the painters performed a
minimum of three kinds of work and up to six kinds of work over a thirty
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day time period, including such tasks as burning, blasting, carpentry,
containment put-up or removal, clean up and needlescaling.

Needlescaling

is a lead paint removal process that involves chiseling paint off of a mental
surface with a vibrating tool.
Design
Informed consent was obtained verbally from each subject before the
study began. On the first day of the study each subject filled out a brief
demographic and history questionnaire designed to assess other sources of
lead exposure and to collect basic demographic information. (APPENDIX A)
Each subject was then given a daily work log (APPENDIX B) to fill out
at the end of each work day. If the worker did not want to fill it out he was
given the option of filling it out verbally with the assistance of the
investigator. Each subject was asked what type of work he did on the worksite
during the day. The work day was broken into hour long periods in the log.
Subjects were instructed to record what they did during the day for each hour
time segment. In addition to the type of work done, they provided the
location of the work. Any protective equipment (respirators, masks, etc.)
worn during each period was also recorded. In addition, we asked whether
the subject ate, smoked or drank anything during the work day and whether
the subject washed their hands or showered. Most of the workers did not
remember to fill out the logs, so before each blood draw the investigator
reviewed the logs with the worker and filled it in with him if necessary.
Subjects had 5 ml of blood drawn approximately three times per week
in the morning at the worksite before beginning work. These blood samples
were collected for a period of approximately four weeks. The first blood draw
occurred on the morning that they filled out the demographic questionnaire
except in the cases of Subjects 1 and 2 who filled out the questionnaire at the
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end of the workday on July 2 and did not have their first blood draw until
four days later. Five of the thirteen workers had their blood drawn nine times
in a thirty day time frame. Three of the workers had their blood drawn eight
times, two workers had their blood drawn seven times, and two workers had
their blood drawn five times. Blood was drawn using the vacutainer system
into blue top SmithKline tubes which are lead and heavy metal free. The site
of venipuncture was cleaned thoroughly with an alcohol swab prior to the
blood draw. Due to the nature of the construction business workers often
drive to pick up materials in the morning and arrive at the worksite at
different times. In addition the study spanned several holidays which
workers had off. This made it difficult to draw each person's blood at each
visit to the worksite. Finally, some workers refused on particular days to
have their blood drawn.

Blood was drawn as close to every three days as was

possible.
Blood samples were analyzed in the clinical laboratory at Yale New
Haven Hospital which is an OSHA approved laboratory. Samples were held
refrigerated for a minimum of 4 hours and a maximum of 2 weeks before
analysis. Blood lead determinations were made using electrothermal atomic
absorption spectroscopy with Zeemann background correction using a Perkin
Elmer Model 4100 ZL instrument. Controls were run each time samples were
analyzed, and were run every ten samples. A control in the low range
(approximately 15 ug/dL) was run as well as one in a higher range
(approximately 35 ug/dL), in order to assess analytic variability.
For ethical reasons workers with blood lead levels greater than 20
ug/ dL were given a report of their lead levels as soon as it was available. All
other blood lead levels were held by the lab until the conclusion of the study.
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In a separate study concurrent to this one, micro-environmental lead
levels for a variety of work tasks at these bridges were measured using air
sampling and wipe sampling techniques. Air samples were taken using
continuous flow meters and pumps.

Wipe samples were taken by wiping a

one foot by one foot square with an alcohol swab. Paint chips were also
collected from the worksites and analyzed for their lead content. These
samples were analyzed at the Massachusetts Institute for Technology
Industrial Hygiene Laboratory.
Data was graphed using Cricket Graph.
The investigator collected all data except for the industrial hygiene data
which was collected by Judy Sparer, Industrial Hygienist at the Yale
Occupational and Environmental Medicine Program. The laboratory
personnel in the Clinical Chemistry Laboratory at the Yale New Haven
Hospital performed the analysis of the blood lead samples with the assistance
of the investigator. All data analysis was done by the investigator with the
assistance of Dr. Rainey and Dr. Cullen.
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Results
Industrial Hygiene Data
Paint chips were analyzed for lead content from the Kimberly Avenue
Bridge site where subjects 103, 104, 105, 106, 107 and 114 worked. These chips
had a lead content of 7.21% by weight. The air sampling data for this bridge
are presented in
Table 1.

Work

Subject #

Time

Result ug/m^

106

Chiseling

8:45 am -12:00

231.2

106

Chiseling

l:34pm-2:51pm

17.6

105

Needlescaling

8:47am-12

102

105

Needlescaling

12:50 pm-2:50

13.2

107

Needlescaling

8:50am-ll:57

696.8

107

Needlescaling

12:50pm-2:52

33.4

Average Cone.

168.5 ug/m3

67.9 ug/ m^

434.8 ug / m3

Table 1: Air sampling data on Kimberly Ave Bridge, 11/5/93, Raining,
Temp=51 F

Time weighted averages were not calculated for this data because the entire
day was not sampled. In addition, wipe samples were taken of the tarps, of
hands before lunch, respirators and of the truck. These data are presented in
Table 2.
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Sample Description

ugPb

Truck hood, 1 sq. foot

26

Truck steering wheel. 1 sq. ft.

89

Seat of truck, 1 sq. ft.

26

Bed of truck, 1 sq. ft.

40

Side tarp, 1 sq. ft.

510

Ground tarp, 1 sq. ft.

100

106 Hands before lunch

<26, ND

106 Hands before lunch

26

107 Hands before lunch

26

107 Respirator, inside

<26, ND

105 Respirator, inside

368

Blank

<26, ND

Table 2: Wipe samples at Kimberly Ave Bridge
These data indicate that the tarps that form the containment the men put up
and take down each day are contaminated with lead. One of the respirators
was also contaminated with lead.
Industrial Hygiene data from the Glastonbury bridge site where subjects
108, 109, 110, 111, 112, and 113 worked includes air samples collected during
blasting.

Blasting is a process used to remove paint from bridges and it

generates dust composed of the paint on the bridge. These data are presented
in Table 3.
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Work

Subject #

113 blasting, sample

Time
7:27am-8:58am

Conc.ug/m^
12580

outside blast hood
113 outside blast hood

8:58am-ll:14am

340

7:40am-ll:55am

190

with down time
due to equip.
failure
108 inside blast hood,
some non-blast
time as above
Table 3: Air samples taken at G astonbury bridge site.

In addition a wipe sample was obtained of 1 square foot of a bench on the
clean side of a decontamination trailer at the site. The lead concentration was
541 ug/wipe. While no paint chips were collected at this site, the air sampling
data indicate that the worksite has considerable lead contamination. Both of
the blasting samples outside the blast hood are high lead levels when we
consider the OS HA PEL of 50 ug/m^ for airborne samples.
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Blood lead levels
In order to assess whether there was variability in each individuals
blood lead over time, we calculated a mean blood lead level for each
individual and a standard deviation from that mean. This standard
deviation was also expressed as a percentage of the mean or the coefficient of
variation. This percentage represents the average total variability from the
mean in each individuals blood lead level over one month. These data are
presented in Table 4. Subject 113 had less than five blood draws in the thirty
day time period; his data were excluded from the analysis.
Subj. #

# of Blood

Mean BLL

Standard

SD as a %

Draws

ug/dL

Dev.

of the
mean

101

8

15.4

2.2

14%

102

8

4.4

1.1

25%

103

8

21.6

1.6

7%

104

5

21

.6

3%

114

8

13.1

1.1

8%

105

9

16

3.3

21%

106

9

28.1

3.0

11%

107

9

7.8

1.5

19%

108

9

22.9

2.1

9%

109

9

35.6

2.4

7%

110

7

28.5

1.5

5%

111

5

10.6

1.0

9%

112

7

27.6

2.2

13%

Table4: Mean Blood lead levels in ug/dL, standard deviations
and those deviations expressed as percentages of the mean.
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Six of the standard deviations are greater than 10% of the mean, which is
generally accepted as the maximum variability which can be routinely
attributed to laboratory /analytic error. In order to understand how much of
the variability seen in these samples was truly due to analytic variability, the
mean levels for both the low controls and the high controls were taken and
standard deviations were calculated and expressed as percentages in Table 5.

Samples

# Times Run

Mean Value

St. Deviation

St. Dev as %

Low Control

24

15.8 ug/dL

.876

5.5%

High Control

25

36.4 ug / dL

1.836

5.0%

Table 5: Mean Values and Standard Deviations for Laboratory Controls

We parceled out the analytic variability from the variability seen in our
participant's blood samples by using the equation Qtotal2 = Qa2 + Qb2.

a was

defined as the variability due to analytic error, and for subjects with mean
blood lead levels of greater than 25 ug/dL the value for the high control was
used in the equation. For those participants who had a mean blood lead level
of less than 25 ug/dL the value for the low control was used. This equation
allowed us to assess the variability that is due to true differences in lead levels
instead of to analytic variation. This is expressed in Table 6.

23

Subject #

Mean BLL
ug/dL

SD as a %

Var. due to

Var. due to

of Mean

within subj.

Anal

diff=Qb

Var=Qa

101

15.4

14%

12.9%

5.5%

102

4.4

25%

24.4

5.5%

103

21.6

7%

4.3

5.5%

104

21

3%

0

5.5%

114

13.1

8%

5.8

5.5%

105

16

21%

20.3

5.5%

106

28.1

11%

9.8

5.0%

107

7.8

19%

18.2

5.5%

108

22.9

9%

7.1

5.5%

109

35.6

7%

4.9

5.0%

110

28.5

5%

0

5.0%

111

10.6

9%

7.1

5.5%

112

27.6

12

5.0%

13%
Table 6: Variation in blood lead levels

With the variability due to analytic error parceled out we see that the
variability due to actual changes in blood lead levels in the subject is low.
Nine of the thirteen subjects blood lead levels vary by less than 10% of the
mean. The mean variability is 9.3 %. Of the four that are greater than 10%,
one of them, subject 2, has a mean lead level of 4.4 ug/ dL, thus, an average
variability in blood lead level as small as 1.1 ug/ dL causes a standard
deviation that is 25% of the mean.
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Figures 1-13 depict blood lead level changes over time, with the mean
plotted as well. It is clear from these graphs that there is markedly little
variability in each individuals blood lead level over a 30 day interval. This is
supported by Figures 14-26, which depict blood lead level as a function of
time and include linear regression lines on the graphs. For 7 of the 13
workers several blood samples were drawn at times past the one month study
interval. For these participants graphs of both the short term relationship of
blood lead to time as well as the long range relationship have been drawn.
Table 7 presents the slopes of these lines.

25

Subject #

101

Slope of best fit

Slope of best fit

line for 30 day

line for long

data

range data
.126

Not Available
(NA)

102

.126

NA

103

-0.113

-.022

104

-.061

* -.017

114

.044

* -.029

105

* .422

106

~ .271

107

* .164

108

.097

NA

109

-.122

NA

110

.142

.010

111

.010

NA

112

.017

NA

*

.117
.024

*

.095

Table 7: Slope o : the best fit line for each individual for
range and longer range data. * indicates pc.Ol, -indicates p=.055
NA indicates that the data was not collected

The slope of all of these linear regression lines is very small. In order
to establish the strength of this relationship, a correlational analysis was
performed. The correlations between lead level and time for each individual
are shown in Table 8.
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R2 longer range

R2 for 30 days

Subject #
101

.095 p>.05

NA

102

.366 p>.05

NA

103

.312 p>.05

.147 p>.05

104

.334 p>.05

.841

pc.Ol

114

.105 p>.05

.671

pc.Ol

T—1

o
o

V
Qh

o

00
00

105

.787

pc.001

106

.429 p=.055

107

.650 pc.Ol

108

.185 p>.05

NA

109

.213 p>.05

NA

110

.115 p>.05

.079 p>.05

111

.006 p>.05

NA

112

.005 p>.05

NA

.193 p>.05
.860

pc.001

Table8: Correlation between time and lead level for each subject.
Ten of the thirteen subjects had an r^ of greater than .10 for the short range
data, however, only two of these correlations were significant and one was
approaching significance with p=.055.

Four of the seven workers for whom

we had longer range data had significant correlations at the pc.Ol level.
There was no relationship between change in blood lead level and time when
all data points from all individuals were combined for correlational analysis.
A correlational analysis was also performed to establish whether a
relationship existed between changes in blood lead level and type of work
performed in the days before the blood draw. The analysis yielded an
insignificant correlation between hours spent needlescaling, hours spent
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putting up/removing containment, hours spent on clean up/waste handling,
hours spent on carpentry, hours spent blasting, hours spent
spraying/ rolling/mixing before a blood draw and a change in blood lead level
from the previous blood draw.

BLLug/dL
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BLLug/dL

Figure 1. Subject 101, BLL over time with mean

BLLug/dL

Figure 2. Subject 102, BLL over time with mean

Figure 3. Subject 103, BLL over time with mean

BLLug/dL
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BLLug/dL

Figure 4. Subject 104, BLL over time with mean

BLLug/dL

Figure 5. Subject 105, BLL over time with mean

Figure 6. Subject 106, BLL over time with mean

30

Figure 7. Subject 107, BLL over time with mean

o
Figure 9. Subject 109, BLL over time with mean

I

31

Figure 11. Subject 111, BLL over time with mean

Figure 12. Subject 112, BLL over time with mean
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Figure 13. Subject 114, BLL over time with mean

BLLug/dL
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BLLu*/dL

Figure 14. Subject 101, BLL over time with regression line

Figure 15. Subject 102, BLL over time with regression line

BLLug/dL

BLLug/dL
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Figure 16b. Subject 103, BLL over time with regression line

35
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3
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-

BLL ug/dL
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Day of Study

20

30

Figure 17a. Subject 104, BLL over time with regression line

Figure 17b. Subject 104, BLL over time with regression line
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Figure 18a. Subject 105, BLL over time with regression line

Figure 18b. Subject 105, BLL over time with regression line
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Figure 19b. Subject 106, BLL over time with regression line
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Figure 20. Subject 107, BLL over time with regression line

Figure 20b. Subject 107, BLL over time with regression line
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Figure 21. Subject 108, BLL over time with regression line

Figure 22. Subject 109, BLL over time with regression line
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Figure 23a. Subject 110, BLL over time with regression line

Figure 23b. Subject 110, BLL over time with regression line
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Figure 24. Subject 111, BLL over time with regression line
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Figure 26a. Subject 114, BLL over time with regression line

Day of Study

Figure 26b. Subject 114, BLL over time with regression line
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Discussion
Our initial hypothesis that the thirty day time interval would fail to
detect cases of lead exposure rested on the assumption that construction
workers have a different pattern of exposure than other lead exposed workers.
We hypothesized that construction workers would have sporadic large
increases in blood lead levels, reflecting discrete high exposures. Our data,
however, show that construction workers do not have discrete high blood
lead levels very frequently. Rather, their blood lead levels increase gradually
and slowly over time and have very little variability over the course of thirty
days. Thus, there is little reason to recommend changes in the screening time
interval currently in use by CRISP.
Our first task was to establish that construction workers in this study
were working on bridge sites where there was the considerable possibility of
lead exposure. The construction workers in this study clearly had blood lead
levels consistent with lead exposure, given that the mean blood lead level for
all workers in the study was 19.4 ug/dL compared with a mean blood lead
level in the general population of 2.8 ug/dL.4 Industrial hygiene data from
this study confirmed that indeed these bridges have lead in the paint, and that
processes such as blasting generate dust with a high lead content. Workers on
this bridge site were at risk for lead exposure by inhaling this dust. They were
also at risk since they ate lunch at the site; small amounts of lead dust that
may have been present on their hands could have been ingested and
absorbed. Finally, five of the thirteen workers smoked at the worksite which
could have lead to significant exposures, since any lead dust on the cigarette is
converted to a lead fume by the high temperature of the cigarette and is
inhaled with the smoke. Because lead toxicity includes neurological
problems such as increased weakness, fatigue and paresthesias it poses a
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serious threat to bridge workers who often work at precarious heights with
heavy equipment. These industrial hygiene data reinforce the necessity for
monitoring lead exposure in construction workers, as well as demonstrate
that there was lead in the worker's environment at the bridge.
In order to establish the pattern of biological lead accumulation that is
typical in these construction workers we considered our data regarding the
variability of lead levels over a month, the slope of the regression line for
each subject and the correlation between time and lead level. Each of these
pieces of data confirm that the construction workers accumulate lead
gradually and that the thirty day screening interval is adequate.
Our data show that there was very little variability in blood lead levels
over the course of a month. Initially we looked at total variability in lead
levels for each individual. We then parceled out analytic variability in order
to have a better sense of the variability that was due to differences within
subjects. After accounting for analytic variability nine of the thirteen subjects
vary by less than 10% of their mean blood lead level. The mean amount of
variance was 9.8%. Moreover, the highest variability was associated
principally with those workers who had the lowest blood lead levels. These
data indicate that blood lead levels are not very labile over time; they are not
rising to very high peaks or dropping to low troughs rapidly.

Since we know

that these workers were on bridges that had lead in the paint, and since we
know that they were engaged in high risk work such as blasting and
painting,^ we can conclude that this low variability is not due to the lack of
opportunity

for exposure. Instead, this lack of variability probably reflects the

gradual and incremental nature of accumulation of lead in this population.
In addition, the slopes of the regression lines on Figures 14-26 are all
very small, less than .50 ug/day in all cases, and less than .10 ug/day in many
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cases. This indicates that blood lead levels increase and decrease very slowly.
For all of the long range relationships which were significant the slopes were
less than .10 ug/day. This suggests that although the blood lead levels may be
increasing or decreasing predictably in some individuals, these increases
happen so slowly, with a slope so close to zero, that the increases or decreases
over a year are effectively zero.
Although these absolute increases and decreases may be close to zero,
the regression lines do not pick up on patterns of exposure because they are
drawn to minimize differences instead of to identify them. If Figure 23b is
examined more closely, we see that the insignificant regression line does not
describe the data well, since this subject had a peak value that occurred
between two lower values. Upon close inspection of this figure, we see that
this worker's blood lead increased over a 90 day time period from a baseline
of 28 ug/dL to a maximum of 39 ug/dL, and then it returned to baseline
approximately 80 days later. It is interesting to note that the increase was first
noticed 45 days before the maximum of 39 ug/dL, and that this data point falls
on a line between the baseline and the maximum. This suggests that this
increase happened slowly as the result of many small increases instead of as
the result of one large increase. If we assume a half life of 25 days for lead in
the blood we would expect that after 3 half lives or 75 days after exposure
ceased the blood lead level would have decreased towards baseline to 29.4
ug/dL. Our data show a lead level of 28 ug/dL, 80 days after the maximum;
this value is consistent with the 25 day half life when we consider that
anywhere up to 5% variability can be explained as analytic error.
Figure 16b is similar in that the regression line does not describe the
data because of a peak blood lead level of 32 ug / dL 56 days after a baseline of
19 ug/ dL. The blood lead level returned to a level of 16 ug/dL 100 days after
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the peak. Since we have no intermediate points during the increase we
cannot be sure of when or how the increase happened. Once again, however,
our data conform to what we would expect using the 25 day half life to
calculate the blood lead level at 100 days. We would expect after four half
lives that the blood lead level would be at 19.8 ug/dL. The blood lead level in
our study is 16 ug/dL which is slightly less than 19.8, but consistent if we
remember that blood lead half lives can range from twenty to thirty days.
Both of these examples show us that even though there is no significant
upward trend in blood lead levels, changes do occur month to month, and
though these changes occur, they occur slowly enough for a monthly blood
lead test to detect. These data also are consistent with a half life for lead in
blood close to 25 days in this population. We had thought that these workers
had more sporadic exposures, and that they may have redistributed lead more
quickly in their bodies, in which case, 25 days could have underestimated the
half life of lead for this population. Our data refute this and reassure us that
the 25 day half life is valid in this population, and thus the 30 day screening
interval is also valid.
In sum, both the low mean standard deviations, as well as the small
slopes of the regression lines and the close examination of these lines, suggest
that the workers accumulate lead slowly over thirty days, and that their blood
lead changes over a longer period of time than we had believed. If we look at
the subjects who had statistically significant correlations between time and
lead level over the course of one month, we see that even for these three
individuals, the jumps in lead level are on the scale of 1-5 ug/dL every 3-5
days. These are not large increases in the course of one day, but over a month
they gradually add up to a significant change in lead level.
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Finally, correlational analysis shows us that there is no apparent
correlation between time and lead level over thirty days for most of our
subjects. This is important because it lets us know that while lead levels may
change month to month, there isn't a short term pattern to these increases or
decreases that should dictate a more frequent screening interval for
surveillance. It is important to note that the two workers who have
significant relationships between blood lead level and time, and the one
worker in whom the relationship approaches significance, were also the
newest to the work, and they all worked on the same bridge as a crew. This
may have occurred by chance, but it may also be due to the fact that these
workers had less experience with lead abatement and thus were subject to
increased exposures.

If a worker is unfamiliar with the safety procedures or

with the work, and his co-workers are equally unfamiliar, he may be more
prone to accidentally have exposures which would be otherwise preventable.
This possibility should mandate additional lead education for new workers or
for workers who are changing tasks and are thus effectively new to the job.
Over longer time periods there was a significant correlation between
time and blood lead level for four of the seven for whom we have this data.
The direction of this correlation was not stable across subjects; for two of the
four the correlation was positive while for the other two the correlation was
negative. Finally there was no apparent correlation found when we
combined all individuals and looked at change in blood lead level as a
function of time.

These data suggests that for each individual we may be able

to predict blood lead level using the linear regression line for his past blood
lead levels if we have enough data points from the baseline; but we cannot
predict blood lead level without a baseline for the individual and several
blood samples after the baseline spread out over six to eight months.

Furthermore, the ability to predict blood lead levels over time is limited in
that we can only predict absolute changes, and not the pattern of those
changes, as explained above.
This study shows us that we can be confident that a once a month
blood lead level check will effectively detect most changes in blood lead levels
and thus any lead exposures. OSHA's time interval of 60 days is probably
adequate as well; however, it is more conservative and also more prudent to
use the thirty day time period since we did see one large increase of 9 ug/ dL
over a 48 hour time period. This is especially important in construction,
because many workers are changing worksites and tasks frequently. If a
worker changes tasks and takes several weeks to become accustomed to his
new job, or if the new employer does not adequately provide protective
equipment, this worker could have several 9 ug/dL increases over a short
time period. Although our data indicates that this scenario is not likely, it is
certainly possible. A 30 day time interval would help us to detect this
exposure early and thus intervene earlier to prevent further exposure.
Lastly, we looked at the correlation between tasks and change in blood
lead level over thirty days in order to assess whether certain tasks would
cause short term increases in the daily blood lead level. We felt that this
could possibly produce misleading blood lead results in a screening program
like CRISP. The lack of correlation between activity and daily change in blood
lead level indicates that blood lead level does not go up in the short term in
direct relationship to the number of hours spent doing any one job. This may
be due to the fact that the workers use respiratory protection, and thus, the
amounts of exposure may be too small over a thirty day study to see a
correlation between blood lead increases and hours spent on the high risk
task.

This data showing little correlation between task performed prior to
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blood lead sampling and blood lead level is important for screening, because
it assures us that a long day at a high risk job or a weekend off will not change
the following days blood lead level. Thus we are confident that the lead
levels we measure usually approximate the blood lead status of the worker
for the previous month and not just for the previous day.
In conclusion, the authors recommend that the thirty day time interval
for screening for lead exposure continue to be used. The low variability in
blood lead levels and the gradual patterns of biological accumulation seen in
this study confirm for us that a blood lead level taken on any day in a thirty
day time interval will be a reasonable reflection of the blood lead level for
that entire month.
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APPENDIX A

Date

Initial Visit

_/_/

Name_
Age_
Birthdate_
Male_
Female_
Ethnicity

_American Indian/Alaskan Native
_Asian or Pacific Islander
_Black, not of Hispanic origin
_White, not of Hispanic origin
_ Hispanic
_ Other
_Unknown

Craft Affiliation

Current

Job

_Carpenter, Millwright and Pile Drivers
_Bricklayers and Allied Craftsmen
_Construction and General Laborers
_Operating Engineers
_Painters and Allied Trades
_ Electrical Workers (IBEW)
_Ironworkers
_Teamsters

Location:

_

How long at present site?_days. (Count back to >2 weeks without work.)

During the last month have you been involved in:
Bridge Work, new construction
Bridge Work, rebuilding
Non-Bridge construction

#of months
#of months
#of months
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Check off tasks most regularly performed in the last two weeks. Rank from
1 to 3 in order of greatest to least time spent.
Ironwork

Painting

_Cutting/gouging
_Mixing /Spraying /Brushing
_Welding/tacking
_Surface Preparation (Blasting, burning, etc..)
_Burning (surface cleaning) _Clean up/Waste Handling
_Rigging/ derigging
_Put-up/Remove Containment
_Grinding/Chipping
_Other Painting duties
Other ironworker duties

Carpentry

Labor

_Form Building
_Pile Driving
_Other Carpenter Duties

_Form Work/Cement Pouring
_Demolition/Burning
_Breaking Pavement
_ Scaffolding
_Solvent Use
_Epoxy/Glue Use
Other Laborer Duties

Other

Operating engineer/ Heavy equip
Mason/Bricklayer
Working Foreman/Supervisor
Administrative Foreman/Supervisor
Project Engineer
Inspector
Police
Other (Please specify_)

These tasks represent_Normal duties
_ Reduced-lead job change
Outside Activities/Exposure Sources
Check if worker has participated in this activity within the last year:
_Stained Glass Work
_Renovations or Repairs on a house built before 1978
_Firearms Use/Reloading
_Sanding/Blasting/Burning/Scraping or otherwise removing lead based
paint outside of usual employment.
_Auto Body Work
_Soldering
_Lead Casting or Use of Molten Lead
Other

Do you have any other regular employment? _if Yes,
what?_
Does worker live in a house with lead in the paint?_(yes/ no, not sure)
Is the workers home plumbed with lead pipe or lead containing
solder?
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Smoking
_Former
_Current
_ Never
Alcohol
_Never

Month/Year stopped_/_
# of Pack years
_

# of drinks

_

Daily
Weekly_
Monthly _
Weekend

Has the worker ever been removed from a job or had job changed due to high
lead levels? _(yes or no) if yes. Year _
Has the worker ever been treated for lead poisoning?_(yes or no)
if yes, year _

Copy of Chemistry panel/CBC, Urinalysis and CRISP blood lead values as
well as ZPP.
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APPENDIX B
DAILY LOG FORM

DATE_ PT #_

AM/PM

Smoking on site Y/N # of cig
Eating or drinking Y/N
Safety Precautions Y/N

8 9
-

9 10
-

10- Tf
NOTES:
11 12
-

AM/PM
12-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8

Choose jobs from Below
Ironwork

Painting

_Cutting/ gouging
_Welding/tacking
_Burning (surface cleaning)
-Rigging/derigging
_Grinding/Chipping
_Other ironworker duties

_Mixing/Spraying/Brushing
_Surface Preparation (Blasting,burning, etc..)
_Clean up/Waste Handling
_Put-up /Remove Containment
_Other Painting duties

Carpentry

Labor

Other

_Form Building
_Pile Driving
_Other Carpenter Duties

_Form Work/Cement Pouring
_Demolition/Burning
_Breaking Pavement
_ Scaffolding
Solvent Use

_Operating Engineer/He
_Mason/Bricklayer
_Working Foreman/Supt
_Administrative Forema
_Project Engineer
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